Hypoxyrrhachia in Association with Intracranial Hemorrhage
• Oxygen and carbon dioxide tensions in lumbar cerebrospinal fluid and arterial blood were determined in 15 patients. The results confirmed those reported in the literature with the exception of four patients with intracranial hemorrhage. Under this circumstance, oxygen tensions in the spinal fluid were considerably lower than those obtained in arterial blood. This hypoxyrrhachia, associated with cerebral hemorrhage, is probably related to oxygen uptake by cellular blood elements as demonstrated by in vitro studies. Cerebral arterial vasoconstriction may also play a role. Cerebrospinal fluid acidosis was also demonstrated. It is possible that these changes may significantly affect the operability of patients with intracranial hemorrhage.
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• Bloor et al. 1 in 1961 compared blood, brain, and cisternal oxygen tensions. The authors concluded that although changes in cerebrospinal fluid oxygen tension were a function of arterial oxygen tension, the relationship between cerebral blood flow, cerebral metabolism, arterial oxygen tension, and cerebrospinal fluid oxygen tension was complicated. Their data suggested that the oxygen tension in cerebrospinal fluid may approximate mean cerebral oxygen tension. Severinghaus et al., 2 in 1963, reported cerebrospinal fluid carbon dioxide tension and hydrogen ion concentration in relationship to respiratory regulation at high altitudes. It was suggested that an active transport mechanism controls the movement of hydrogen ions between blood and brain. Cerebrospinal fluid oxygen tension was not measured. Subsequently, other investigators have evaluated the relationship between the oxygen tension, carbon dioxide tension, and hydrogen ion concentration in arterial ' The present authors have evaluated the oxygen tension, carbon dioxide tension, and hydrogen ion concentration of lumbar cerebrospinal fluid and arterial blood in a group of 15 patients suffering from various clinical disorders of the central nervous system. Particular selection was made of patients with cerebrovascular lesions as part of a continuing study of stroke at this institution. The investigators were concerned with evaluating the physiological significance, diagnostic value, and possible therapeutic implications of such comparative studies.
HYPOXYRRHACHIA AND INTRACRANIAL HEMORRHAGE

Methods
Fifteen patients were studied at Freedmen's Hospital on the medical and neurosurgical services. They underwent routine investigation including roentgenological examination of the skull and chest, electroencephalography, echoencephalography, electrocardiography, complete blood count, urinalysis, and determination of serum electrolytes, blood sugar, blood urea nitrogen, and total carbon dioxide combining power. Special diagnostic studies including cerebral angiography and pneumoencephalography were performed as warranted by clinical circumstances. Patients were afebrile at the time of study.
Initial examination of the patient was conducted in the supine position. Blood pressure, pulse rate, and respiratory rate were recorded. Brachial or femoral arterial puncture was then performed with the patient breathing room air. A 5 ml sample of blood was withdrawn. Lumbar puncture was then carried out in the lateral recumbent position and 5 ml of fluid were collected in a syringe after measurement of spinal fluid pressure. The spinal needle stylet was reinserted. Examination was generally completed in 15 to 20 minutes.
Air was immediately expelled from each syringe following collection. Syringes were then capped and immersed in a crushed ice and water mixture. Specimens were taken immediately to the laboratory and analyzed within 30 minutes following collection.
Three separate determinations were carried out on each sample and the average value recorded. Analyses were conducted on an Instrumentation Laboratory PH/Gas Analyzer Model 113 and constant temperature bath Model 127. Oxygen tension, carbon dioxide tension, and hydrogen ion concentration were measured using the Clark oxygen electrode, Severinghaus carbon dioxide electrode and glass electrode respectively. Oxygen saturation in blood was estimated using the Severinghaus normogram. In addition to the special gas and hydrogen ion concentration studies, routine examination of the spinal fluid was performed and included measurement of pressure, as well as determination of the cell count, protein content, and serological reaction.
Results
The findings in these 15 patients were separated into four clinical categories and a control group (table 1) . Clinical categories were identified as (1) cerebral hemorrhage (four cases); (2) brain tumor (two cases); (3) cerebral ischemia or infarction (five cases); and (4) viral meningitis (one case). Control information was obtained from three patients with lumbar disk herniation or cervical osteoarthritis. A clinical summary is outlined in table 2.
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In the four patients with intracranial hemorrhage, cerebrospinal fluid oxygen tension ranged from 11% to 50% of that of arterial blood with an average value of 36%. In contrast, among the patients in the control group, these values ranged between 61% and 85% with an average of 69%. Patients in the other clinical categories failed to show the (table 3) . Arterial oxygen tension in our laboratory ranges from 85 to 95 mm Hg and has been established by study of young nonhospitalized adults. The levels of arterial oxygen in the control group are consistent with random sampling of hospitalized patients at bedrest in this hospital. Cerebrospinal fluid oxygen tension has not been investigated previously at this institution. Examination of random specimens which have been allowed to equilibrate with room air yields values in the range of 150 mm Hg. This change, however, takes place slowly in capped syringes which are held at room temperature and follows an average rate of 3 to 4 mm Hg per hour. In syringes which are immersed in ice, the oxygen gain proceeds at one-third this rate for an average of 1.3 mm Hg per hour. The investigators are of the opinion, therefore, that the special techniques which were employed in the handling of specimens assure the validity of the obtained 
Discussion
The mechanism by which cerebrospinal fluid gas and electrolyte balance is accomplished is not fully understood. It has been demonstrated that the choroid plexus is not the only source of this fluid. It can be produced as well by the vessels of the brain communicating directly into the Virchow-Robbins space. It has been suggested that cerebrospinal fluid is formed at different levels of the neuraxis including the spinal level. 8 - 9 It is possible that physiological or pathological variation in the mechanism of formation may also affect content and that the mechanism of production may vary at different anatomical sites. but that this difference is small. Accumulated information indicates that there is a gradient for oxygen between arterial blood and cerebrospinal fluid. When the gaseous environment changes, blood reaches equilibrium more rapidly than cerebrospinal fluid. 7 The degree of change in blood is of a greater magnitude than that in the cerebrospinal fluid but the trends are generally in the same direction.
1 ' T -12 ' 13 Changing from inhalation of room air to inhalation of 100% oxygen, however, causes tissue oxygen tension in the cerebral cortex to fall by 42%, while cisternal cerebrospinal fluid oxygen tension rises by 370%.
7 Cortical arteriolar constriction associated with hyperoxygenation has been suggested as the physiological basis for this phenomenon. Oxygen tension in cerebrospinal fluid under circumstances wherein the patient breathes an oxygen and carbon dioxide mixture will vary. The observed result is a compromise between the vasoconstrictor and partial pressure effects of oxygen and the vasodilator effect of carbon dioxide. This is probably of therapeutic significance.
Higher than accepted normal values of cerebrospinal fluid oxygen tension have been reported when fluid has been sampled from reservoirs surrounded by tissue under-consuming oxygen. Examples are: cortical atrophy, internal carotid occlusion, intra-arterial cyanide administration, 2 and cerebral infarction.
6
These levels of oxygen tension, however, do not approximate those which are obtained in arterial blood. It is indicated by this study that in the presence of intracranial hemorrhage, low tensions of oxygen are obtained in the cerebrospinal fluid. This hypoxyrrhachia has also been recorded by Jarnum. 6 The phenomena which account for lowered cerebrospinal fluid oxygen tensions may be varied. Of first order of possible significance is the metabolic uptake of oxygen by the cellular elements in the hemorrhagic spinal fluid. To evaluate this factor, we have obtained specimens of arterial blood and cerebrospinal fluid from three patients, admixed them in the glass metallic capped syringes usually utilized for blood gas studies, and followed the Po 2 , Pco 2 , and pH levels over a period of 24 hours at room temperature (table 5) . These studies clearly indicate a fall in oxygen tension associated with a marked rise in Pnoo and a drop in pH.
It does not follow, however, that the lowered oxygen tensions encountered in the patient are, therefore, related entirely to cellular uptake. Under most clinical circumstances of hemorrhage, the volume percent of blood in the cerebrospinal fluid is of a much lower order of magnitude than was simulated in our test tubes and yet the oxygen tensions were severely depressed. A similar problem was encountered by Troost et al. 14 the depletion of glucose was disproportionate to the amount of blood present Troost suggested that in addition to the metabolism of glucose by erythrocytic enzymes, there may also be an interference by erythrocyte breakdown products of the carrier transport mechanism at the choroid plexus. In the case of oxygen, however, a special transport mechanism has not been described and it is generally assumed that diffusion occurs in response to partial pressure gradients. It may be argued that greater degrees of oxygen uptake might have taken place in vitro if the acidic by-products of cellular metabolism had been removed. Certainly the fall in pH reduced the capability of red cells to continue their utilization of oxygen.
Attempts to fully explain this phenomenon might also include consideration of the occurrence of vasospasm which attends subarachnoid hemorrhage. The release of a vasoconstrictor substance 16 by reducing cerebral circulation may impair the delivery of oxygen to brain and cerebrospinal fluid.
Although a more complete understanding of the mechanisms which underlie the occurrence of hypoxyrrhachia must await additional study, the question of its adverse effect upon neural function should be considered. It is probable that low partial pressures of oxygen in the subarachnoid pathways limit the extent to which adjacent parenchymal levels of oxygen tension can be maintained. The oxygen available to the cell is that dissolved in the plasma of adjacent capillaries. Transport by diffusion must follow concentration gradients. A fluid compartment such as the subarachnoid space containing very low oxygen tensions may create an oxygen shift away from adjacent cortical cells. In addition, our studies, as do those of Froman and Smith, 16 indicate the occurrence of a drop of pH probably secondary to accumulation of carbon dioxide and lactic acid. This metabolic acidosis within the cerebrospinal fluid may further affect adversely the function of adjacent cortex and periventricular cell structures.
In consideration of the clinical implication of these changes, it is suspected that they may profoundly affect the outcome of surgery for intracranial aneurysms wherein timing has a direct influence upon mortality and morbidity. 17 Low tensions of cerebrospinal fluid Stroke, Vol. I, NoT»mbor-D«c«/Tibor I97Q oxygen, the occurrence of metabolic acidosis in the subarachnoid pathways, and vasospasm may all limit the prospects of a successful response to operation. Optimal timing of intervention may require careful consideration of these factors.
